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to a diaphragm, has an opening through which an acoustic
wave enters, and 1s connected to supporting side plates. An
optical acoustoelectric transducer having uniform amplitude
characteristics 1n a wide frequency range by mixing by a
mixer circuit the outputs of a plurality of optical microphones

having diaphragms of mutually different thicknesses so as to
make the receiving sensitivity uniform in different frequency

ranges. A directional optical acoustoelectric transducer hav-
ing a small s1ze and wide band characteristics by arranging a
plurality of light-emitting devices (LD) and a plurality of
light-receiving elements (PD) corresponding to a plurality of
diaphragms arranged parallel.

17 Claims, 12 Drawing Sheets
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OPTICAL ACOUSTOELECTRIC
TRANSDUCER

TECHNICAL FIELD

The present invention relates to an optical acoustoelectric
transducer for converting vibration displacement of a vibrat-

ing board 1nto an electric signal by using light.

BACKGROUND ART

There 1s a microphone as an acoustoelectric transducer. In
general, 1n order to provide sharp directivity for sensitivity 1in
an mcident direction of a sound wave vertical to a vibrating
board of the microphone, 1t 1s necessary to configure a micro-
phone apparatus so as to have the sound wave incident not
only on a front portion but also on a back portion of the
vibrating board.

As for a dynamic microphone broadly used in the past, it
has a configuration wherein a coil 1s mounted on the vibrating
board 1n order to detect the sound wave from the vibrating
board, and so the coil and so on resist sound pressure entering,
from the back so that the vibrating board cannot always be
vibrated as on the front. It was difficult, however, to provide
the configuration wherein the front portion and the back por-
tion of the vibrating board are completely opened so as to
render the sound wave incident from both the front portion
and the back portion.

In addition, as for a condenser microphone, it has the
configuration wherein, as 1t detects the sound wave by detect-
ing change of capacity due to vibration of the vibrating board,
the back cannot be structurally opened to render the sound
wave mcident from the backside. Accordingly, it 1s 1deal that
the acoustoelectric transducer such as the microphone has
nothing on 1ts back as on its front.

Moreover, an optical microphone apparatus using an opti-
cal device 1s known as one of the microphones.

For instance, Japanese Patent Application Laid-Open No.
8-297011 discloses an optical fiber sensor using a pair of
optical fibers and having a configuration wherein light is
irradiated to a vibration medium from one optical fiber con-
nected to a light source and the light 1s detected by the other
optical fiber, indicating that it 1s applicable to a microphone.

An optical microphone device used for the optical micro-
phone apparatus 1s comprised of the vibrating board for
vibrating due to sound pressure, the light-emitting device for
irradiating a light beam on this vibrating board, and the light-
receiving element for receiving reflected light from the
vibrating board and outputting a signal corresponding to
vibration displacement of the vibrating board.

Thereby 1t 1s possible to detect the vibration displacement
of the vibrating board caused by the fact that the sound wave
hits the vibrating board without touching this vibrating board
and to convert the detected vibration displacement to an elec-
tric signal, so that 1t 1s no longer necessary to place a vibration
detecting system on the vibrating board, weight of the vibrat-
ing portion can be rendered lighter, and feeble variation of the
sound wave can be suificiently followed.

A first objective of the present invention 1s, for the purpose
of solving the above-mentioned first problem, to provide the
acoustoelectric transducer having the directivity, as its direc-
tional characteristic, only in the vertical direction to the
vibrating board.

In addition, as for the microphone in the past, the apparatus
1s configured by using a single optical microphone device so
that one vibrating board covers frequency characteristics
ranging from low to high frequencies.
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Such a microphone characteristic 1s generally called a
monotone characteristic, where frequency coverage 1s actu-
ally almost limited to 50 Hz to 20 KHz as shown in FI1G. 11.

Thus, as the optical microphone apparatus in the past used
a single optical microphone device using a single vibrating
board, it 1s ditficult to control the low to high frequencies with
the single vibrating board so as to render the sensitivity (am-
plitude) thereof flat. In general, the sensitivity 1n a low fre-
quency band 1s relatively enhanced by increasing thickness of
the vibrating board, and the sensitivity 1n a high frequency
band 1s enhanced by decreasing the thickness thereof.

Accordingly, it 1s difficult, due to such a physical property
of the vibrating board, to implement the optical microphone
apparatus of which frequency characteristic of the sensitivity
(amplitude) 1s flat over a wide frequency band.

A second objective of the present invention is, for the
purpose of solving such a second problem 1n the past, to
provide the acoustoelectric transducer like the optical micro-
phone apparatus of which sensitivity (amplitude) character-
istic 1s tlat over a wide frequency band.

Furthermore, 1n case of configuring the optical microphone
apparatus of the wide frequency band by arranging a plurality
ol the past optical microphone devices, there 1s a fault that the
vibrating board cannot be rendered close or the shape thereof
becomes larger. For that reason, 1t 1s difficult to implement a
small and wide-band directional microphone apparatus.

Moreover, as the size of the vibrating board of the micro-
phone apparatus 1s fixed, 1t 1s difficult to have settings with
featured frequency characteristics and to implement the
microphone apparatus which 1s efficient 1n the wide fre-
quency band.

A third objective of the present invention 1s, for the purpose
of solving the above-mentioned third problem, to provide the
directional acoustoelectric transducer which 1s small and has
the wide-band frequency characteristic.

DISCLOSURE OF THE INVENTION

In order to attain the above first objective of the present
invention, an acoustoelectric transducer of the present inven-
tion has a configuration wherein a vibrating board for vibrat-
ing due to sound pressure, a light-emitting device for 1rradi-
ating a light beam on the above described vibrating board, a
light-receiving element for receiving reflected light of the
above described light beam irradiated on the above described
vibrating board and outputting a signal corresponding to
vibration displacement of the above described vibrating
board, a bottom plate having the above described light-emit-
ting device and the above described light-recerving element
placed thereon and provided opposite the above described
vibrating board, and a supporting side plate for coupling the
above described vibrating board and the above described
bottom plate to be almost parallel and close are provided, and
the above described light-emitting device and light-recerving
clement are placed almost in the center of the above described
bottom plate, with a first opening of the size allowing the
sound wave to enter 1n a periphery.

A plurality of the above described first openings may be
provided. In addition, it 1s possible, on the above described
acoustoelectric transducer, to provide a second opening of the
s1ze allowing the sound wave to enter on the above described
supporting side plate. Furthermore, 1t 1s also possible to pro-
vide a plurality of the above described second openings.

In order to attain the above second objective, the acousto-
clectric transducer of the present invention has the configu-
ration wherein an acoustoelectric transducing device 1s pro-
vided with the vibrating board for vibrating due to sound
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pressure, the light-emitting device for irradiating the light
beam on the above described vibrating board, and the light-
receiving element for receiving the reflected light of the above
described light beam 1rradiated on the above described vibrat-
ing board and outputting the signal corresponding to the
vibration displacement of the above described vibrating
board, a supporting frame for placing and fixing a plurality of
the above described acoustoelectric transducing devices to
position the above described vibrating boards almost on the
same plane, a light source driving circuit for driving the above
described light-emitting devices by supplying a predeter-
mined current to each of the light-emitting devices of the
above described plurality of acoustoelectric transducing
devices, and a mixer circuit for mixing output signals from
cach light-receiving element of the above described plurality
ol acoustoelectric transducing devices, and the thickness of
cach vibrating board of the above described plurality of
acoustoelectric transducing devices 1s rendered different so as
to make receiving sensitivity almost even 1n mutually differ-
ent frequency ranges.

In the above described acoustoelectric transducer, the
above described acoustoelectric transducing device may be
the configured to have a light-emitting and light-recerving,
device wherein the above described light-emitting device and
light-recerving elements are placed on the same substrate, and
the above described light-emitting device 1s a vertical cavity
surface-emitting light-emitting device of which intensity dis-
tribution of light emission is concentrically almost even and 1s
placed 1n the center of the above described substrate, with the
above described light-receiving eclements concentrically
placed to surround the above described light-emitting
devices.

In addition, 1t 1s possible to provide the above described
vibrating board almost 1n parallel with and close to the above
described substrate.

The above described acoustoelectric transducing devices
can be provided so as to have the above described vibrating
board exposed 1n the opening formed on a frame surface of
the above described supporting frame.

Furthermore, 1t 1s possible to render the frequency charac-
teristic of the sensitivity of the output signals from the above
described mixer circuit almost flat in the range of 1 Hz to 100
KHz.

In order to attain the above third objective, an optical
acoustoelectric transducer of the present invention has 1n 1ts
cabinet the vibrating board for vibrating due to sound pres-
sure, the light-emitting device for rendering the light incident
on the above described vibrating board, and the light-receiv-
ing element for receiving the reflected light from the above
described vibrating board and outputting acoustic displace-
ment of the above described vibrating board by converting it
into change of the electric signal, wherein a plurality of the
vibrating boards are provided and a plurality of the above
described light-recerving elements are provided to corre-
spond to each vibrating board. And in the first embodiment, a
plurality of the light-emitting devices are provided to corre-
spond to each of the plurality of the vibrating boards and the
light-receiving elements. Also, the second embodiment has
the configuration wherein a single light-emitting device 1s
provided, and a plurality of the light-receiving elements
receive the light beam from this single light-emitting device
via a retlection path corresponding to each of the plurality of
vibrating boards. In addition, the plurality of vibrating boards
are placed 1n parallel on different planes by keeping prede-
termined spacing, or placed on the same plane apart from one
another. Furthermore, these vibrating boards are comprised
of combinations of different sizes of the same thickness, for
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instance, 1n order to have different fundamental frequencies
respectively. Moreover the first embodiment of the present
invention has each of the plurality of light-emitting devices
placed on the same plane as the light-receiving element cor-
responding thereto, and the second embodiment has the
single light-emitting device and the plurality of light-recerv-
ing elements placed on the same plane. Preferably, a vertical
cavity surface emitting laser (VCSEL) should be used as the
light-emitting device, and the following configurations or the
like should be adopted.

(1) The light-receiving elements are provided to surround
the VCSEL concentrically having almost even intensity dis-
tribution of light emission. (11) A number of openings are
provided to the cabinet so that sound reaches the above
described vibrating board via these openings. (111) A half
mirror effect 1s given to some of the plurality of vibrating
boards. Or (1v) The light beam 1s distributed via a half mirror
device placed 1n the cabinet so as to have it 1rradiated on each
vibrating board.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a exploded perspective view showing a configu-
ration of an optical microphone apparatus according to an
embodiment of the present invention I;

FIG. 2 15 a side view of the optical microphone apparatus of
the present invention I;

FIG. 3 1s a side sectional view of the optical microphone
apparatus of the present invention I;

FIG. 4 are a side sectional view and a plan view showing
the configuration of the optical microphone apparatus of
another embodiment of the present invention I;

FIG. 5 1s a basic principle diagram of the optical micro-
phone apparatus of the present invention II;

FIG. 6 1s a diagram showing a directional characteristic of
the microphone apparatus;

FI1G. 7 1s a block circuit diagram showing the configuration
ol the optical microphone apparatus which 1s an embodiment
of the present invention II;

FIG. 8 are a plan view and a side sectional view showing
the configuration of the optical microphone device used 1n the
present invention II;

FIG. 9 15 a diagram showing a relationship between thick-
ness and amplitude of a vibrating board of the optical micro-
phone device used for the present invention II as to frequen-
CICs;

FIG. 10 1s a diagram showing a frequency to amplitude
characteristic of a compound optical microphone device used
in the present mnvention II;

FIG. 11 1s a diagram showing the frequency to amplitude
characteristic of a monotone type microphone in the past;

FIG. 12 1s a diagram showing the configuration of an
acoustoelectric transducer related to a first embodiment of the
present invention II1;

FIG. 13 1s a diagram showing a second embodiment of the
present invention II1;

FIG. 14 1s a diagram showing a third embodiment of the
present invention III;

FIG. 15 1s diagrams showing a fourth embodiment of the
present invention III;

FIG. 16 1s a diagram showing directivity of the acousto-
clectric transducer of the present invention III;

FIG. 17 1s a diagram showing frequency and sensitivity
characteristics of the acoustoelectric transducer of the present
invention II1;

FIG. 18 1s a diagram showing a fifth embodiment of the
present invention III; and
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FIG. 19 1s a diagram showing a sixth embodiment of the
present invention III.

EMBODIMENTS

Hereatter, a configuration and an operation of an optical
acoustoelectric transducer of the present invention will be
described by referring to the drawings taking an optical
microphone apparatus as an example. The present invention
1s largely classified into three types in relation to its object and
configuration. Thus, in the following description, the mven-
tions for attaining the above-mentioned first, second and third
objects are referred to as invention I, invention II and mven-
tion III for the sake of convenience respectively. Hereafter,
the configurations of these invention I, invention II and inven-
tion III will be described 1n order.

Invention I

FIG. 5 1s a drawing showing a basic principle diagram of
the optical microphone apparatus having no directivity 1n a
side direction (hereaiter referred to as a complete directional
characteristic).

A vibrating board 3 for vibrating due to sound pressure of
a sound wave 1s mounted almost 1n the center of a cabinet 5.
And a light-emitting device 2 and a light-receiving element 4
are provided on the backside of the vibrating board 3 so that
an incident light beam L1 from the light-emitting device 2 1s
reflected by the vibrating board 3 to be reflected light .2 and
received by the light-recerving element 4. Thus, vibration
displacement of the vibrating board 3 is detected, by the
light-receiving element 4, as change of a light-receptive posi-
tion of the retlected light L.2.

In this case, a sound wave 6 gets incident from the front of
the vibrating board 3 and a sound wave 7 gets incident from
the back thereof, where 1 the respective sound pressure
phases are the same, no vibration occurs on the vibrating
board 3 and no output 1s generated from the light-receiving,
clement 4.

On the other hand, 1n the case where the sound wave 6 of
a+b comes from the front direction of the vibrating board 3
and the sound wave 7 of a comes from the backside thereof,
the sound wave a 1s canceled and only b 1s detected on the
vibrating board 3.

Here, 1n general ambient noise, noise and so on mput from
the front side and the backside of the microphone with the
same phase and amplitude. Accordingly, this becomes the
sound wave a.

On the other hand, a speech signal only gets incident as b
trom the front side of the microphone, and consequently only

noise a 1s canceled by the vibrating board 3 and only speech
b 1s taken out.

Thus, 1t 1s possible, by implementing the configuration
allowing the sound wave to come to the vibrating board from
the front and the backside, to take out only the speech signal
so as to reduce the noise. In addition, 1t 1s possible, by imple-

menting such a configuration, to obtain the complete direc-
tional characteristic as shown by dotted lines in FIG. 6.

FIGS. 1 to 3 are diagrams showing the configuration of the
optical microphone apparatus which 1s an embodiment of the
present invention I, where FIG. 1 shows a exploded perspec-
tive view, FIG. 2 shows a side view, and FIG. 3 shows a side
sectional view thereof respectively.

As shown in FIGS. 1 and 3, the present invention I has the
light-emitting device and the light-receiving element formed
as one piece as the light emitting and light-recerving device 10
and mounted on a substrate 9. This substrate 9 1s mounted
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6

close to the center of a bottom plate 12. The bottom plate 12
1s placed almost 1n parallel with and close to the vibrating
board 3.

A supporting side plate 30 for coupling this bottom plate 12
and the vibrating board 3 1s formed as shown in FIG. 2. In
addition, 1t 1s not always necessary to form this supporting
side plate 30 to totally surround the bottom plate 12 and the
vibrating board 3, but 1t 1s also feasible, for example, as shown
in FIG. 1, to configure 1t by erecting supports 35 on the
periphery of the bottom plate 12 and connect a periphery 8 of
the vibrating board 3 to lower ends of these supports 35.

It has the configuration wherein the substrate 9 on which
the light-emitting and light-recerving device 10 1s mounted 1s
connected to a terminal 11, and supply of power and delivery
ol necessary signals are performed to the light-emitting and
light-receiving device 10 and peripheral circuits thereof via
this terminal 11. In addition, the present invention I has open-
ings 20 provided to the bottom plate 12 so as to render the
sound wave from the backside of the vibrating board 3 1nci-
dent.

It 1s also feasible, as shown 1n FIG. 1, to form these open-
ings 20 by providing a plurality of circular holes on a circum-
ference to surround the light-emitting and light-receiving
device 10. It 1s possible, by forming such openings 20 on the
bottom plate 12, to induce the noise from the backside to the
vibrating board 3.

Moreover, 1t 1s possible, in addition to the openings 20
provided on the bottom plate 12, to also provide openings 25
to the supporting side plate 30 so as to allow the sound wave
to enter as shown 1n FIG. 2. However, if the openings 235
provided on the supporting side plate 30 are formed to have
excessively large opening area, the speech from the front of
the vibrating board 3 diffracts and gets incident on the back-
side thereot via these openings 25 to cancel the speech, and so
it 1s desirable to provide the openings of an adequate size.

FIG. 4 are diagrams showing another embodiment of the
present invention I, that 1s, the diagrams showing the configu-
ration of a head portion of the optical microphone device.

FIG. 4(a) shows a sectional shape, where an electronic
circuit board 62 1s provided on a bottom 38 of a container 51,
and a substrate 39 on which the light-emitting device and the
light-receiving element are placed 1s mounted on this board
62. It can also be mounted by electrically connecting the
substrate 59 and the board 62 by flip chip bonding for
instance. In addition, 1t 1s possible, 1f the bottom 58 1s con-
figured with a semiconductor substrate such as silicon, to
omuit the electronic circuit board 62 since an electronic circuit
can be configured thereon. Moreover, the embodiment shown
in FIG. 4 uses a vertical cavity surface emitting laser diode
LD as the light-emitting device and a photodiode PD as the
light-recerving element. The vertical cavity surface emitting
laser diode LD 1n a circular shape 1s placed 1n the middle of
the substrate 59, and the light-receiving elements PD are
concentrically provided to surround the LD.

FIG. 4(b) 1s a plane showing enlarged light receptive and
emitting portions of the substrate 59 on which the light-
emitting device and light-recetving eclements shown as
enclosed by a dotted line 1n FIG. 4(a) are mounted.

As shown in the drawing, the light-emitting device LD 1n
the circular shape 1s placed in the center, and the light-rece1v-
ing elements PD1, PD2 . . . PDn are concentrically provided
to surround 1t. Moreover, the vertical cavity surface emitting
laser can be used as the light-emitting device LD used here.

These light-emitting devices LD and the light-receiving
clements PD can be simultaneously manufactured on a gal-
lium arsenide water by a semiconductor manufacturing pro-
Cess.
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Accordingly, alignment accuracy of the light-emitting
devices LD and the light-receiving elements PD 1s deter-
mined by accuracy of a mask used in the semiconductor
manufacturing process, and so 1t 1s possible, as the alignment
accuracy thereof can be rendered as 1 um or less, to 1mple-
ment 1t with high accuracy of a one millionth or less compared
to the alignment accuracy of the light-emitting device and the
light-recerving elements of optical microphone devices of the
past.

In general, a vertical cavity surface emitting device has a
characteristic that 1ts intensity distribution of the light emis-
s1on1s concentrically almost even. Accordingly, radiated light
that 1s radiated toward a vibrating board 52 at a predetermined
angle from the light-emitting device LD placed 1n the center
1s concentrically retlected with the same intensity, and 1its
reflection angle 1s changed by vibration of the vibrating board
52 due to reception of a sound wave 57 so that 1t concentri-
cally reaches the light-receiving elements PD.

Accordingly, the vibration displacement of the vibrating
board 52 can be detected by detecting the change of arecerved
light amount of the concentrically placed light-receiving ele-
ments PD1 . . . PDn. It becomes usable as the optical micro-
phone device since 1t can thereby detect the intensity of the
incident sound wave 57.

Moreover, an electrode 61 1s formed 1n order to drive the
light-emitting devices LD and the light-recerving elements
PD or to detect an incident light amount.

Moreover, 1t 1s the same as the embodiment shown 1n FIGS.
1 to 3 that the openings not shown are provided on a side wall
and the bottom 58 of the container 51.

As this embodiment uses the light-emitting device and the
light-receiving element using the vertical cavity surface emit-
ting device (VCSEL) and the photodiode (PD) configured in
a monolithic structure on the same plane, 1t 1s very small, able
to secure large space on the backside of the vibrating board
and eliminate a resistance to the sound pressure.

Moreover, the present mvention I 1s not limited to the
optical microphone apparatus but 1s also applicable to an
optical sensor.

Invention II

FIG. 7 1s a block diagram showing the configuration of the
optical microphone apparatus which 1s an embodiment of the
present mvention II.

In the present invention II, the optical microphone device
compounded by combining a plurality of light-receiving ele-
ments M1, M2, . . . M6 of which thickness of the vibrating
board 1s mutually different respectively 1s formed, and 1t has
the configuration wherein the output from each light-rece1v-
ing element thereof1s inputted to a mixer circuit 71 and mixed
and 1s taken out as an output signal 72. It 1s configured so that
a predetermined driving current 1s supplied to the light-emat-
ting device of each of the optical microphone devices M1 to
M6 from a light source driving circuit 70.

FI1G. 8 are diagrams showing the configuration of the com-
pound optical microphone device configured by combiming,
the plurality of optical microphone devices M1 to M6, where
(a) shows a top view and (b) shows a side sectional view
thereol respectively.

The optical microphone devices M1 to M6 are configured
by having each of them sectioned by a shielding plate 85 as
shown 1n FI1G. 8(5), and are placed and fixed so as to position
vibrating boards 82 of the plurality of optical microphone
devices M1 to M6 almost on the same plane as supporting
frames 84 and 86. Each optical microphone device 1s com-
prised of a light-emitting device 81 and a light-recerving,
clement 83 mounted on the substrate not shown and the
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vibrating boards 82 placed almost in parallel with and close to
the substrate having the light-emitting device 81 and the
light-receiving element 83 mounted thereon, having the con-
figuration wherein the light beam from the light-emitting
device 81 1s retlected by the vibrating boards 82 and recerved
by the light-receiving element 83 so that the signal corre-
sponding to the wvibration displacement of the wvibrating
boards 82 1s taken out.

As shown in FIG. 8(a), each vibrating board 82 1s placed to
be exposed in the opening formed on a frame surface 86 of the
supporting {frames 84 and 86.

These vibrating boards 82 are placed to be located 1n the
same plane as the frame surface 86 and are fixed on the
supporting frames 84 and 86.

FIG. 4(b) 1s a diagram showing the configuration of the
light-emitting and light-recerving device of the optical micro-
phone devices M1 to M6 used 1n the present invention II.

The vertical cavity surface emitting laser diode LD and the
light-receiving elements PD such as the photodiodes are
placed on the gallium arsenide substrate 39. The laser diode
LD 1s formed in the center of the substrate 59, and a plurality
of the light-receiving elements PD are concentrically formed
to surround 1t. Electrodes 8 are taken out of the laser diode LD
and the light-recerving elements PD.

-

T'he vertical cavity surface emitting laser diode LD has the
a characteristic that 1ts intensity distribution of the light emis-
sion 1s concentrically almost even, where the laser beam
concentrically radiated from this laser diode LD 1s concentri-
cally reflected by the vibrating board, and 1t 1s received by the
light-receiving elements PD to be taken out as a receiving
signal.

Moreover, as for the light-emitting and light-receiving
device shown 1 FIG. 4(b), the light-receiving elements can
be taken out by differential output since they are concentri-
cally formed on a plurality of circles, and it is thereby possible
to absorb an error such as temperature change of the laser

diode LD.

Here, the vibrating board of the optical microphone device
used 1n the present mvention II will be described.

FIG. 9 1s a diagram showing a relationship between a
thickness t and an amplitude characteristic of the vibrating

board.

To be more specific, in the case where a frequency 1 of a
wave-receptive sound wave 1s low, the thinner the thickness t
of the vibrating board 1s, the larger the amplitude becomes.
And 11 the frequency 1s high, the thicker the thickness t 1s, the
smaller the amplitude becomes.

The present invention II utilizes this property so that the
thickness of the respective vibrating boards of the plurality of
optical microphone devices M1 to M6 becomes different to
have almost even receiving sensitivity in mutually different
frequency ranges.

To be more specific, a reproducible frequency range of the
sound waves 1s limited for the vibrating board of each optical
microphone device, so that the vibrating board of the thick-
ness conforming to that frequency range 1s set.

FIG. 10 shows an amplitude characteristic in the case
where the thicknesses of the vibrating board of each optical
microphone devices M1 to M6 are changed and the frequen-
cies reproducible for each of them are dividedly assigned.

For instance, assignment 1s performed to the optical micro-
phone device M1 to be able to reproduce the sound waves in
the lowest frequency range, and to the optical microphone
device M6 to be able to reproduce the sound waves in the
highest frequency range. In this case, 1t 1s necessary to render
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the vibrating board thickest for the optical microphone device
M1 and to render 1t thinnest for the optical microphone device
MS6.

Thus, 1t 1s possible to obtain the amplitude characteristic as
shown 1n FIG. 10 by selecting the thickness of the vibrating
board so that, according to the frequency range assigned to
cach optical microphone device, the amplitude characteristic
thereol becomes almost tlat.

Moreover, the amplitude characteristics of the optical
microphone devices M1 to M6 are corresponding to Al to A6
shown 1n FIG. 10 respectively.

It 1s possible to obtain the compound optical microphone
device having the flat amplitude characteristic in the entire
frequency range as shown 1n FIG. 10 by inputting the ampli-
tude characteristics of the plurality of optical microphone
devices to the mixer circuit 71 shown 1n FIG. 7 and synthe-
s1Zzing them.

Thus, according to the present invention, 1t 1s possible to
implement the optical microphone apparatus of which fre-
quency characteristic of the sensitivity from the mixer circuit
71 1s almost flat in the range of 1 Hz to 100 KHz. In addition,
it 15 possible to implement miniaturization by configuring the
optical microphone device with the vertical cavity surface
emitting laser (VCSEL) diode and the photodiode (PD) con-
figured 1n a monolithic structure. For this reason, the minia-
turization 1s possible even when the plurality of optical micro-
phone devices are combined.

Invention II1

FIG. 12 1s a diagram showing a first embodiment of the
acoustoelectric transducer of the present invention I1I, where
(a) shows a sectional view and (b) shows an external view
thereol.

In the embodiment shown 1n FI1G. 12, vibrating boards 2-1
to 2-5 are arranged on different planes 1n parallel with prede-
termined spacing, and light-emitting devices LD1 to LD3 and
light-receiving elements PD1 to PD5 are provided 1n corre-
spondence with the respective vibrating boards 2-1 to 2-5.
The vibrating boards 2-1 to 2-5 have a disc configuration of
the same thickness and different sizes. The respective vibrat-
ing boards 2-1 to 2-5 are mounted on vibrating board mount-
ing members 4-1 to 4-5 formed 1n a cabinet 91 respectively. In
addition, the light-emitting devices L1 to LD3 and the light-
receiving elements PD1 to PD5 are mounted on light-emitting,
and light-receiving device mounting members 5-1 to 5-5
respectively. Supply of a driving current to the light-emitting
devices LD1 to LD5 and fetching of a light-receptive current
from the light-recerving elements PD1 to PD3 are performed
via an electronic circuit board 99. Moreover, 1n order to
ensure coming of the sound waves to the vibrating boards 2-1
to 2-5 and provide directivity to the front and rear thereof, a
large number of openings 93 are provided to the cabinet 91
and the mounting members 4-1 to 4-5 and 5-1 to 5-5. When
tocusing the light irradiated from the light-emitting devices
L.D1 to LD4 on the centers of the respective vibrating boards
2-1 to 2-4, the vibrating boards 2-2 to 2-5 existing closer
become obstacles. Accordingly, small holes 6 are provided on
the closer vibrating boards in order to pass the incident light
and the reflected light as shown 1n FIG. 12(c). Here, a basic
resonance frequency F, of the vibrating boards 2-1 to 2-5
shown 1n FIG. 12 1s indicated by the following formula.

Fo=(0.46T/R2{ 0/p(1-02))

Here, t=thickness of the vibrating board (cm)

R=radius of the vibrating board to a peripherally clamped
position (cm)

n=Density (g/cm’)
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o=Poisson’s ratio
Q=Young’s modulus (dyne/cm”)

To be more specific, as the basic resonance frequency F, 1s
inversely proportional to a square of the radius of the vibrat-
ing board, a quadruple frequency can be obtained 11 the radius
becomes half. Furthermore, 1n the case of the basic resonance
frequency or a resonance frequency of even number times
thereol, 1t becomes a division mode wherein the amplitude 1s
the largest around the center thereot, and so the sensitivity
becomes extremely high around the resonance frequency
when the light 1s focused thereon. Accordingly, in this

embodiment, the radiuses of the vibrating boards 2-1 to 2-5
are set to be 1:,3:/5:./9:,20, where the respective resonance
frequencies are superimposed so as to cover a wide frequency
band. Here, as the voice band 1s emphasized, the basic reso-
nance frequency of the vibrating board 2-5 that 1s the highest
1s set at 100 Hz. Thus, the extremely high sensitivity is
obtained in the range of approximately 100 to 3,000 Hz as

shown 1n FIG. 17.

In addition, 1f the space among the respective vibrating
boards 1s large, deterioration of the directivity becomes worse
even at low frequencies due to deviation of phases, and so 1t 1s
desirable to place the vibrating boards with the spacing as
narrow as possible. Here, 1t 1s set at approximately 2 mm so as
to obtain stable sensitivity up to the frequency characteristic

of 20 kHz or so.

FIG. 13 shows a sectional structure of the acoustoelectric
transducer related to a second embodiment of the present
invention III. This embodiment 1s different from the first
embodiment in that the light-emitting devices LD and the
light-recerving elements PD are placed on the same mounting
member 97. Adoption of such a configuration allows the
shape of the apparatus to be minmiaturized compared to the first
embodiment.

FIG. 14 shows the sectional structure of the acoustoelectric
transducer related to a third embodiment of the present inven-
tion III.

In the present invention 111, the light-emitting devices and
the light-recerving elements are placed on the same mounting
member 97 as 1n the embodiment shown 1n FIG. 13. While 1t
1s necessary, in the case of the embodiments shown 1n FIG. 12
and FIG. 13, to provide the small holes 96 on the closer
vibrating boards just to pass the incident light and the
reflected light, 1t 1s configured, by arranging the vibrating
boards 2 to deviate sideward respectively, to prevent change
of the shape of the vibrating boards (2-1 to 2-5) and change of
the frequency characteristics due to provision of such holes
96 and to make small holes on mounting members 4-2 and 4-3
to pass the light. This makes 1t unnecessary to make small
holes on the vibrating boards. In addition, in the case of the
acoustoelectric transducer as shown 1n FIG. 14, 1t 1s possible
to use the vertical cavity surface emitting laser diodes (VC-
SEL) for the light-emitting device and use the light-emitting
and light-receiving device wherein an arrangement 1s made to
concentrically surround the device as shown 1n FIG. 4.

FIG. 15 show a block diagram of the acoustoelectric trans-
ducer related to a fourth embodiment of the present invention
I11, where (a) shows a sectional view and (b) shows an exter-
nal view thereol. This embodiment has all the vibrating
boards (2-1 to 2-5) placed on a mounting members 94 which
are on the same plane. In addition, the light-emitting devices
and light-recerving elements are placed likewise on the same
mounting member 97 in correspondence with each vibrating
board. It 1s possible, by adopting such a configuration, to
render the vertical thickness smaller while the horizontal
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thickness increases. It 1s also feasible, 1n this embodiment, to
use the light-emitting and light-recerving device as shown in

FIG. 4.

As a result of using the configuration described above, the
directivity that can be finally obtained by synthesizing sensi-
tivity characteristics from such a plurality of vibrating boards
takes the form as shown 1n FIG. 16. While a gain 1s slightly
impaired by the existence of other vibrating boards, the light-
emitting devices and light-recerving elements and other com-
ponents 1n the rear, it 1s possible to implement the acousto-
clectric transducer having sharp directivity forward and
backward.

Moreover, 1n the case where the vibrating board 1s horizon-
tally placed as shown in FIG. 15, high frequency character-
istics deteriorate compared to the one vertically placed, the
torward and backward directional characteristics take almost
the same form as the vertical one shown in FIG. 16.

As described above, it 1s possible, by combining the plu-
rality of optical microphone apparatuses, to configure a direc-
tional microphone apparatus of the wide frequency band.

However, in such a configuration of the apparatus, the
light-emitting devices and the vibrating boards are used at a
rat10 of 1:1 when combiming the plurality of devices, and so a
plurality of pairs of combinations of vibrating boards and
light-emitting devices are required.

Thus, the apparatus of which relationship between the
vibrating boards and the light-emitting devices 1s 1:1 has a
problem that the vibrating boards cannot be closely placed or
their shape becomes larger. Therefore, the present invention
has the configuration, as a further improvement, wherein the
plurality of vibrating boards are associated with one light-
emitting device in order to implement the directional optical
microphone apparatus of a small size and having wide-band
frequency characteristics and reduce costs by decreasing the
number of relatively expensive light-emitting devices used
thereon. It 1s thereby possible to cut the number of the light-
emitting devices so as to implement the optical acoustoelec-
tric transducer of the small size and having the directivity of
which frequency bandwidth 1s wide.

Hereafter, a concrete configuration thereolf will be
described.

FIG. 18 1s a sectional view of the acoustoelectric trans-
ducer showing a fifth embodiment related to the further
improvement of the present mvention III.

A plurality of vibrating boards 2a, 2b and 2¢ are vertically
placed and mounted step-wise in a cabinet 101.

And a single light-emitting device 103 1s mounted 1n the
lower portion of these vertically placed vibrating board.

In addition, the light-receiving elements 4a, 4b and 4¢ are

arranged and mounted on the same plane where the light-
emitting device 103 1s mounted respectively.

Moreover, openings 103 for rendering the sound waves
from the outside 1incident are provided on an outer wall sur-
face of the cabinet 101, the mounting members of the vibrat-
ing boards 2a, 26 and 2¢, and mounting plates of the light-
emitting device 103 and the light-recerving elements 4a to 4c.

It 1s configured, by providing such openings 105, to have
the sound waves incident from the front and back of the
respective vibrating boards 2a and 2b.

Thus, the optical microphone apparatus comes to have
bi-directivity on the front and back of the vibrating boards.

In addition, 1t 1s desirable to use the VCSEL as the light-
emitting device 103.

A laser beam radiated from the light-emitting device 103
gets mcident on the vibrating board 2a, and 1s partially
reflected and gets incident on the light-receiving element 4a.
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In addition, a portion thereof passes through this vibrating
board 2a, and gets 1incident on the vibrating board 2b.

The light incident on the vibrating board 256 1s also partially
reflected here and gets incident on the light-receiving element
4b.

In addition, the light which passed through the vibrating
board 256 gets incident on the vibrating board 2¢, and 1s
reflected here and gets incident on the light-recerving element
dc.

Accordingly, 1t 1s necessary to use a material having a half
mirror etlect for the vibrating boards 2a and 24.

The shapes of the vibrating boards 2a, 26 and 2¢ are
defined to have different acoustic resonance frequencies
respectively.

In the example shown 1n FIG. 18, the respective vibrating
boards have different sizes.

Accordingly, the small-sized vibrating board 2¢ has a
higher resonance frequency, and the large-sized vibrating
board 2a has a lower resonance frequency.

Thus, the frequency characteristics obtained by using the
vibrating boards having different shapes and totalizing output
from the three vibrating boards are the wide-band frequency
characteristics.

That 1s, sound receiving characteristics are formed by syn-
thesizing peak characteristics of three vibrating boards 2a, 25
and 2c¢, to render the gain higher 1n a desired frequency range.

In addition, while output characteristics obtained by total-
1zing the output of the three light-receiving elements 4a to 4¢
are influenced by the other vibrating boards, the light-emiat-
ting device 103 and the light-receiving elements 4a to 4¢ 1n
the rear of the vibrating boards and a little gain 1s lost, 1t 1s
possible, as the openings 105 allow the vibrating boards to
vibrate freely, to have the sharp directivity forward and back-
ward.

Moreover, 1t 1s not always necessary to place the light-
emitting device 103 and the light-receiving elements 4a to 4¢
on the same plane 1n spite of their placement 1n FIG. 18.

In addition, 1t 1s suificient to define the shapes of the plu-
rality of vibrating boards 2a to 2¢ to have different acoustic
resonance frequencies respectively, not necessarily having to
form them only to have different sizes, and 1t 1s also possible
to change their thicknesses so as to form them to have differ-
ent acoustic resonance frequencies respectively.

FIG. 19 1s a sectional view of the acoustoelectric trans-
ducer showing a sixth embodiment related to the further
improvement of the present invention III.

This embodiment has the vibrating boards 2a and 2b
placed on the same plane.

Furthermore, the light-emitting device 103 and the light-
receiving elements 4a and 45 are placed on the same plane.

In addition, a haltf mirror 106 1s placed 1n a predetermined
position 1n the cabinet 101.

The light radiated from the light-emitting device 103 1s
partially reflected by the half mirror 106, hits the vibrating
board 2a and 1s reflected thereon to get incident on the light-
receiving element 4a.

On the other hand, the portion of the light having passed
through the half mirror 106 gets incident on the vibrating
board 2b, and 1s reflected thereon to get incident on the
light-recerving element 45.

The light thus irradiated from the light-emitting device 103
1s distributed by the half mirror 106, and 1s reflected by the
vibrating boards 2a and 25 to get incident on the light-recerv-
ing clements 4a and 45 respectively.

According to the configuration shown 1n FIG. 19, it 1s
possible to implement a further miniaturized acoustoelectric
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transducer since vertical length can be rendered shorter than
the configuration shown 1n FIG. 18.

Moreover, 1t 15 also possible, 1n the configuration shown in
FIG. 19, to render the shapes of the vibrating boards 2a and 256
different so as to render the respective acoustic resonance
frequencies different.

The acoustic characteristics thus synthesized can render
the gain even 1n the wide frequency band.
In addition, it 1s possible, by using the VCSEL as the
light-emitting device 103, to render the diameter of the light-
emitting beam extremely thin and set focal distance freely

enough to provide a degree of freedom to the distance
between the vibrating boards and the light-emitting device.

Thus, according to the above improved apparatus of the
present invention II1, i1t 1s possible to closely place the vibrat-
ing boards to one another and besides, to have the configura-
tion having no obstacle between them so as to implement the
microphone apparatus having the extremely sharp directivity
and the frequency characteristics extended to high frequen-
cies by totalizing the bi-directivity of the respective vibrating
boards.

While the configurations of the present invention I to III
were described 1n detail above by taking the optical micro-
phone apparatus as an example, 1t 1s needless to say that the
present mvention 1s not limited to the optical microphone
apparatus but 1s applicable to an acoustic sensor and so on.

INDUSTRIAL APPLICABILITY

As described 1n detail above based on the embodiments, it
1s possible, according to the present invention I, to provide the
openings on the bottom plate having the light-emitting and
light-recerving device placed thereon provided opposite the
vibrating boards so as to primarily render the noise incident
on the vibrating boards and thereby reduce the noise. And it 1s
also possible to render a directional pattern close to an 1deal
shape like a letter 8.

In addition, according to the present mvention II, it 1s
possible to mmplement the acoustoelectric transducer of
which amplitude characteristic 1s almost even over the wide
frequency band because an acoustoelectric transducing
device compounded by combining a plurality of acoustoelec-
tric transducing devices 1s configured and the thicknesses of
the respective vibrating boards of the plurality of acoustoelec-
tric transducing devices are combined to render the recerving,
sensitivity almost even 1n different frequency ranges.

Accordingly, it 1s possible to widely utilize the acousto-
clectric transducer of the present invention as the microphone
apparatus for music suitable for the future digital age. In
addition, 1t can be used not only as the microphone apparatus
but also as the acoustic sensor.

Furthermore, according to the present invention III, 1t 1s

possible to implement the acoustoelectric transducer of good
directivity which 1s small-sized and has wide-band character-
istics by adopting the configuration wherein the plurality of
vibrating boards are placed on the same plane or on different
planes and the light-emitting and light-receiving device 1s
provided in correspondence therewith. In addition, it 1s pos-
sible to implement the apparatus capable of changing the
s1izes ol the respective vibrating boards to change the fre-
quency characteristics and gathering sound etficiently in the
wide frequency band.
In addition, it 1s possible, by using the VCSEL as the
light-emitting device, to render the diameter of the light-
emitting beam extremely thin and thereby set focal distance
relatively freely.
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Accordingly, 1t1s possible to provide the degree of freedom
to the distance between the vibrating boards and the light-
emitting device.

Thus, 1t 15 possible to place the plurality of vibrating boards
very closely to one another and besides, to have no obstacle
among them so as to implement the acoustoelectric trans-
ducer having the extremely sharp directivity and the charac-
teristics extended to the wide frequencies by totalizing the
bi-directivity of the individual vibrating boards.

Furthermore, 1t 1s possible, 1n the case of using the vibrat-
ing boards of different diameters, to arbitrarily change the
frequency characteristics by differences in the resonance fre-
quencies determined by the diameters of the vibrating boards.
Accordingly, it 1s possible to implement the directional
acoustoelectric transducer of extremely high sensitivity by
using the most etficient band. Moreover, 1t 1s possible to
implement the directional acoustoelectric transducer having
an advantage in terms of costs by further improving it to place
the plurality of vibrating boards to one light-emitting device.

The invention claimed 1s:

1. An optical acoustoelectric transducer, said transducer
comprising;

a vibrating board vibrating due to sound pressure;

a light-emitting device for 1rradiating a light beam on said

vibrating board;

a plurality of light-receiving elements for receiving the
reflected light of said light beam irradiated on said
vibrating board and outputting a signal corresponding to
the vibration displacement of said vibrating board;

a bottom plate comprising said light-emitting device and
said light-recerving elements placed therecon and pro-
vided opposite to said vibrating board; and

a supporting side plate for coupling said vibrating board
and said bottom plate to be mounted almost 1n parallel
and closely,

wherein said light-emitting device and light-receiving ele-
ments are placed almost in the center of said bottom
plate, with a first opening of a size allowing a sound
wave to enter provided 1n a periphery,

wherein a second opening of a size allowing a sound wave
to enter 1s provided on said supporting side plate,

wherein said optical acoustoelectric transducer has a light
emitting/receiving device wherein said light-emitting,
device and said light-receiving elements are placed on
the same substrate, said light-emitting device being a
vertical cavity surface-emitting light-emitting device
whose 1intensity distribution of light emission 1s concen-
trically almost even and being placed in the center of
said substrate, said light-receiving elements being
placed concentrically to surround said light-emitting
device.

2. The optical acoustoelectric transducer according to

claim 1,

turther comprising a plurality of first openings allowing a
sound wave to enter provided 1n a periphery.

3. The optical acoustoelectric transducer according to
claims 1 or 2, wherein a plurality of said second openings are
provided.

4. The optical acoustoelectric transducer according to
claim 2,

wherein said vibrating board 1s placed almost 1n parallel
with and close to said substrate.

5. The optical acoustoelectric transducer according to any

one of claims 1 to 2,

wherein said optical acoustoelectric transducing device 1s
placed so as to expose said vibrating board 1n the open-
ing formed on a frame surface of said supporting frame.
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6. An optical acoustoelectric transducer, said transducer
comprising:

a plurality of optical acoustoelectric transducing devices,
cach optical acoustoelectric transducing device com-
prising a vibrating board for vibrating due to sound
pressure, a light-emitting device for wrradiating a light
beam on said vibrating board, and a light-receiving ele-
ment for recerving the reflected light of said light beam
irradiated on said vibrating board and outputting a signal
corresponding to the vibration displacement of said
vibrating board;

a supporting frame for placing and fixing said plurality of
said optical acoustoelectric transducing devices to posi-
tion their vibrating boards almost on the same plane;

a light source driving circuit for driving said light-emitting,
devices by supplying a predetermined current to each of
the light-emitting devices of said plurality of optical
acoustoelectric devices; and

a mixer circuit for mixing the output signal from each
respective light-receiving element of said plurality of
optical acoustoelectric transducing devices,

wherein the thicknesses of respective vibrating boards of
said plurality of optical acoustoelectric transducing
devices are rendered different so as to make receiving
sensitivity almost even 1n mutually different frequency
ranges.

7. The optical acoustoelectric transducer according to

claim 6,

wherein said optical acoustoelectric transducer comprising
said plurality of optical acoustoelectric transducing
devices has a light emitting/receiving device, wherein
said light-emitting devices and said light-receiving ele-
ments are placed on the same substrate, said light-emait-
ting devices being a vertical cavity surface-emitting
light-emitting device whose intensity distribution of
light emission 1s concentrically almost even and being
placed in the center of said substrate.

8. The optical acoustoelectric transducer according to any

one of claims 1 to 2,

wherein 1n that a frequency characteristic of sensitivity of
the output signals from said mixer circuitis almost flatin
the frequency range of 1 Hz to 100 KHz.

9. An optical acoustoelectric transducer comprising, 1n a
cabinet of the optical acoustoelectric transducer, a plurality of
vibrating boards vibrating due to sound pressure, a light-
emitting device for rendering light incident on said plurality
of vibrating boards and a plurality of light-recerving elements
for receiving the reflected lights from said plurality of vibrat-
ing boards and converting the acoustic displacements of said
plurality of vibrating boards to electric signals to output the
converted electric signals,

wherein each of said plurality of said vibrating boards
corresponds to one of said plurality of recerving ele-
ments,

wherein said plurality of said vibrating boards are placed 1n
parallel on respective different planes arranged main-
taining a predetermined spacing.

10. The optical acoustoelectric transducer according to

claim 9,

wherein a plurality of light-emitting devices are provided
to correspond to each of said plurality of light-recerving
clements and each of said plurality of vibrating boards,
respectively.
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11. The optical acoustoelectric transducer according to
claim 10,

wherein each of said plurality of light-emitting devices 1s

placed on the same plane as the light-receiving element
corresponding thereto.

12. The optical acoustoelectric transducer according to
claim 9,

wherein said plurality of vibrating boards are comprised of

a combination of the vibrating boards having respective
different fTundamental frequencies.

13. The optical acoustoelectric transducer according to
claim 12,

wherein said plurality of vibrating boards are comprised of

a combination of the vibrating boards having the same
thickness and respective different sizes.

14. The optical acoustoelectric transducer according to
claim 9,

wherein a number of openings are provided to said cabinet

so that sound reaches said vibrating boards via said
openings.

15. An optical acoustoelectric transducer comprising, 1n a
cabinet of the optical acoustoelectric transducer, a plurality of
vibrating boards vibrating due to sound pressure, a light-
emitting device for rendering light incident on said plurality
of vibrating boards, and a plurality of light-receiving ele-
ments for recerving the reflected lights from said vibrating
boards and converting the acoustic displacements of said
plurality of vibrating boards to electric signals to output the
converted electric signals,

wherein said plurality of vibrating boards are placed on the

same plane apart from one another, said optical acous-
toelectric transducer further comprising:

a mixer circuit for mixing the output signals from each of

said plurality of light-receiving elements;

wherein the thicknesses of respective vibrating boards are

rendered different so as to make receiving sensitivity
almost even 1n mutually different frequency ranges.

16. An optical acoustoelectric transducer comprising, 1n a
cabinet of the optical acoustoelectric transducer, a plurality of
vibrating boards vibrating due to sound pressure, a light-
emitting device for rendering light incident on said plurality
of vibrating boards, and a plurality of light-receiving ele-
ments for recerving the retlected light from said plurality of
vibrating boards and converting the acoustic displacements of
said plurality of vibrating boards to electric signals to output
the converted electric signals,

wherein each of said plurality of said vibrating boards

corresponds to one of said plurality of recerving ele-
ments,

wherein said plurality of light-recerving elements receive

light beams from a single light-emitting device via
reflection paths corresponding to each of said plurality
of vibrating boards,

wherein the light beams are distributed via a half mirror

device placed 1n said cabinet so that the distributed light
beams are irradiated on each of said plurality of vibrat-
ing boards.

17. The optical acoustoelectric transducer according to
claim 16,

wherein the single light-emitting device and said plurality

of light-receiving elements are placed on the same plane.
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